INTRODUCTION
The identification of highly conserved noncoding sequences by pairwise sequence comparison of homologous genome loci may contribute greatly to the identification of a multitude of regulatory elements modulating extent, chronology and specific location of gene expression (1) (2) (3) . A nucleotide similarity significantly above the background level-related to the divergence time between the organisms under investigationindicates a selective constraint during evolution to preserve the functional role encoded in that specific sequence element. Such selective pressures can operate both on coding sequences as a consequence of functional constraints on the encoded proteins and on noncoding sequences involved in regulatory activity. Thus, we are faced with the problem of discriminating between conserved coding and noncoding sequences.
Indeed, although the complete genomes of several eukaryotic organisms, including humans, have been sequenced, we
are not yet able to determine their complete gene inventory, i.e. the exhaustive delineation of coding regions, including alternative initiation, termination and splicing patterns of the corresponding transcripts.
In this context, a software tool to identify and assess the coding or noncoding nature of conserved sequence tags (CSTs) through cross-species genome comparisons would contribute to genome annotation through the identification of novel genes or gene expression isoforms. Such a tool would also facilitate the identification of transcribed or untranscribed noncoding regions likely to function as cis-regulatory elements.
We previously devised a simple method that is based on the quantification of a specific evolutionary pattern which is typical of coding regions, where synonymous substitutions outnumber non-synonymous ones at the nucleotide level and conservative changes outnumber non-conservative ones at the protein level. Thus, we generate a coding potential score (CPS) for each CST identified in a pairwise genome comparison (4). CSTs with a low coding potential have been shown to represent reliable candidates for noncoding regulatory motifs.
Here, we present a web tool which implements this method and which provides, through gene name or chromosome coordinates, direct access to Ensembl genomes (5) as well as the possibility for the user to submit data directly. A graphical output of detected CSTs also shows, where available, known gene features (mRNAs, exons, etc.) of the genomic region under investigation. 
SYSTEM AND METHODS
The web tool, accessible at http://www.caspur.it/CSTminer/, is implemented on a Linux server (RedHat 8.0) running apache web server version 2.0 (http://www.apache.org/ ). PHP scripts (http://www.php.net/) are used to provide access to the Ensembl database (http://www.ensembl.org/ ), to interact with the CSTminer application over the Internet and to plot dynamic web results. The dynamic plot is drawn using the GD libraries (version 1.6). A queue system is administered by a Perl script querying a MySQL database (version 3.23).
The web tool essentially implements the algorithm described in (4) with default parameters, i.e. word size of 7, maximum E-value of 10 À5 for BLAST analysis and minimum CST length of 30 nt. In the present version of the algorithm, instead of the standard Blosum80 matrix previously adopted, we use a rescaled Blosum80 matrix with all amino acid interconversion scores made positive by the addition of a constant value (i.e. +8 in the case of Blosum80). In order to take into account the possibility of multiple hits, the CPS is now calculated using a slightly modified formula that uses a log transformation and replaces the ratio of observed synonymous/ non-synonymous changes [see equation in (4)] with the K s /K a ratio calculated according to Nei and Gojobori (6) :
The computed synonymous and non-synonymous changes are increased by one to avoid null denominators. CSTminer also allows the display of the highest scoring triplet window (default minimum length of 60 nt) by scanning each detected CST. This approach facilitates the detection of potential coding regions located in longer CSTs which might contain both coding and noncoding tracts (through the presence of untranslated mRNA or intronic regions).
In the submission form the user submits two sequences to run jobs. This can be done in four different ways: (i) pasting the sequences (in FASTA format), (ii) uploading a text file containing one query sequence and one target sequence, (iii) submitting the Ensembl gene ID and selecting the corresponding organism and (iv) selecting the organism and choosing the chromosomal range. In the last two cases the web tool performs a query to the Ensembl database to extract the sequence of the gene (including surrounding upstream and downstream sequences) or sequences contained in the specified chromosomal range. The option for masking annotated repeats is also available in these cases.
After the job is submitted, a popup window opens and instructs the user to wait until the job is finished. On completion, a link guides the user to the dynamic web plot visualizing the CSTminer output. The plot shows the CSTs recovered in both orientations and highlights known gene features (obtained by performing a query to the Ensembl database related to the input sequences). A filter can be used to plot only the CSTs in a particular range of CPS values. When the cursor is placed over a CST a tooltip appears showing relevant summary information (CPS value, start, end); clicking on the CST opens a popup window showing all information (e.g. the CST sequence). When the cursor is moved over known features a tooltip shows the Ensembl name, its chromosome coordinates with respect to the query sequence and the hypertext link to the corresponding Ensembl gene.
APPLICATION
To test the effectiveness of the CSTminer method and to set up suitable cutoff values for the CPS, we analyzed two sets of sequences. First, we analyzed five RANDOM datasets, each one containing 10 000 pairs of random sequences 1000 nt long with the same dinucleotide composition as human 5 0 -UTR (Untranslated region) sequences. The sequence identity between pairs of sequences increased from 50-60% in the first dataset to 90-100% in the last dataset. Second, we analyzed a CDS dataset containing the coding regions of 1880 homologous pairs of human and mouse mRNAs (7) .
To assess how well the artificial RANDOM dataset represented natural noncoding sequences we also analyzed a real noncoding dataset of 157 eukaryotic 18S rRNA sequences. We obtained 4844 rRNA CSTs with a CPS distribution (data not shown) and average value (CPS = 6.01) not dissimilar to that observed for the RANDOM dataset (average CPS = 6.09). We then used random sequences as the noncoding training set, as the greater number of sequences offered more statistically significant values.
A total of 34 100 and 2496 CSTs were detected for the RANDOM and CDS datasets, respectively, and the distribution of the corresponding CPSs is shown in Figure 1 . The two distributions show only a limited overlap with the average CPS of coding CSTs, which at 8.51 is remarkably higher than that observed for noncoding CSTs. Of all the coding CSTs <1% showed a CPS <6.74, whereas <1% of the total noncoding CSTs showed a CPS >7.71. We arbitrarily classify CSTs into three classes as follows: CPS < 6.74, noncoding CST; 6.74 < CPS < 7.71, possibly coding CST; CPS > 7.71, coding CST. With reference to the assessment of the coding character, the estimated false positive rate is 9.85% with CPS > 6.74 and 1.00% with CPS > 7.71. Figure 2 shows a snapshot of the result obtained by comparing the ferroportin genes of human and mouse. Colored bars represent detected CSTs, with different colors assigned to the three classes defined above; 7 out of 15 CSTs with high CPS are classified as coding, and 8 out of 15 with low CPS as noncoding. Indeed, all the former actually correspond to coding exons. Interestingly, the noncoding CST located in the 5 0 -UTR corresponds to a known functional regulatory motif involved in the iron-mediated post-transcriptional regulation of gene expression (8) .
DISCUSSION
The completion of numerous eukaryotic and prokaryotic genome projects provides researchers with an extraordinary amount of valuable data. However, this information is not immediately fully interpretable using current experimental and bioinformatics approaches. In this context, comparative genome studies may be very valuable as the monodimensional information encoded in the genetic material is much easier to interpret if considered in its appropriate evolutionary framework. This can be achieved through comparison with homologous sequences in the same or other genomes. In particular, selective pressures shape the evolution of DNA sequences as a function of the specific genetic information they encode. Thus, sequence regions coding for proteins undergo a strongly biased pattern of nucleotide changes, where synonymous substitutions significantly outnumber non-synonymous ones, and these latter more frequently result in conservative amino acid replacements. Analogously, we may expect specific covariation patterns in the evolution of DNA sequences coding for noncoding RNAs whose conserved secondary structure is under selective constraint (9, 10) .
Thus, the quality of genomic annotation provided by comparative sequence analysis may be improved greatly by taking the evolutionary dynamics of the compared sequences into proper account. Comparing genomic sequences of two or more genomes may contribute greatly to the identification of novel regulatory elements, novel genes or novel exons of alternatively spliced coding or noncoding genes, as these probably correspond to conserved sequence regions.
Local similarity blocks detected in the alignment of two genomic sequences are defined as CSTs if their length and identity are above an arbitrarily chosen cutoff, typically 100 nt and 70%, respectively (11) . CSTminer, however, adopts a probabilistic cutoff, provided by the BLAST E-value. Thus, shorter CSTs with very high similarity, probably encoding relevant genetic information, are also detected. Once all of the CSTs of the genome tracts under investigation have been detected and mapped, the problem of their characterization (their assignment to any of the aforementioned functional classes) remains. To this end, we previously developed a simple method to provide a quantitative measure of the coding potential (CPS value) that proved to effectively discriminate between coding and noncoding CSTs with a low false positive rate (4) .
The web server we present here implements an improved version of the method previously described (4) and allows researchers to investigate user-submitted genomic sequences as well as genes or genome regions automatically extracted from the Ensembl database (5) through a simple graphical interface. The functional annotation of detected CSTs can be easily inferred from a graphical output showing their location with respect to known features and sequence elements. The collection and characterization of putative noncoding CSTs associated with groups of genes whose products share properties such as cellular localization, Gene Ontology, functional domain and expression pattern may provide valuable insights for the detection of regulatory motifs and for the design of experimental validation procedures.
